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I r b i n e .  C a l i f o r n i a  PAGE IS 
ABSTRAL T 
Appreciable e m p i r i c a l  evidence has been 
Gubl i.sbed r h i c h  i n d i c a t e s  a s t r o n g  c o r r e -  
l a t i o n  between a s o c i e t y ' s  economic weal th  
( i t s  COP) and i t s  energy consuaption. With 
a pr9wing p o p u l a t i m  and i n c r e a s i n g  ind i -  
r i d J d l s '  r r b i r a t i o n s .  C a l i f o r n i a ' s  energy 
dtaanar m i l 1  amso I .,e i n  the  fu tu re .  
Recause o f  decreasing a v a i l a b i l i t y  o f  
ibetrslewe f u e l s  and natura!  gas. i t  i s  
imperat ive t b i t  r l t e r n a t i J e  mean; be de- 
re lopeJ for a c e t i n g  those demands. I n  t h i s  
paper se e x c r i n e  t h e  op t i ons  a v a i l a b l e  f o r  
irnl-fii-ting enerqy de r i ved  from coal .  
These CnKlUde:. ! I  j E l e c t r i c  power gen - 
e r a t c d  'rw coal .  (2) c o a l  g r s i f i c a t i b n  
near the o i n e  s i t e  f c w  convers ion t d  sub- 
s:ftute n a t u r a l  gas o r  l i q u i d  products  such 
as aeihanol  o r  hydrocarbons. [i) c o n v e r t i n g  
the coal  d i r e c t l r  t o  l i q u i d  hydrocarbons 
s i a i l a r  t o  a syzt thet ic crude o i l .  
Cosmcnt i s  made on the  l ong  l e a d  times 
r e q u i r e d  between concept ion and complet ion 
o f  f a c i l i t i o s  o f  t h i s  ty?e. Because o f  
D o l i  t i c a l  and ecrmonic inpedinents .  + ~ C C S S -  
i r e  delay: have r z s u l t e d  i.1 c a n c e l l a t i o n  
o f  p r o j e c t s  such as Ka ipa row i t s  and UESCO. 
r i i i u n  and couraqe t o  a c t  i s  eaphasized. 
The need f o r  stateswen and c i t i z e n s  w i t h  
i q i o r  t J t i  an. 0.f. Cpa 1 - C e  tic r a  t ed. En-e r.gy ; 
An Cxaaination. pf Opt ipns 
I .  I?4TRODUCTIOW 
The t i t l e  o f  t h i s  session. r e f e r r i s g  t o  
o p 2 o r t u n i t i e s  o f  c o s l  f o r  C a i i t o r n i a .  i s  
one o f  t h e  pos t  encouraging s igns I ' v e  seen 
t o  r i q n i f y  t h a t  more than j u s t  a few o f  us 
r r coqn ize  two key f a c t s :  
A t  some p o i n t  i t 1  :he Future. we i n  
C d l i f o r t i i a .  a!cnq w i t h  a l l  o the r  
Artcriculcs, w i l l  not  be a b l c  t o  y e t  
. I %  tnuch pe t ro leuo  products  o r  n a t -  
u r a l  r ; a i  as  we'd l i k e  t o  ge t  f o r  
the k i n d  o p r i c e  we'd be ab le  o r  
w i l l i n y  t o  pay. 
A m e r i c a ' s  v a s t  reserves o f  - J a l  
o f f e r  t he  hope o f  supplementing 
our energy needs a t  p r i c e s  w e  can 
a f fo rd .  
I ' v e  heen asked t h i s  ro rn inc ]  t o  examine 
j u s t  t he  opt ions o f  impor t i ng  coal -generated 
enprqy i n t o  C a l i f a r n i a .  Tile o t h e r  two 
spellkers o f  t h i s  session have addressed t h e  
IJrohlemc a\soci;ted i:i t h  I r r i nq inq  i n  '.he 
coal i t c r l f  f o r  us: herc!. Amonq us.  we 
r a i s e  the  L i n d  a f  quest icns and issues 
which most people f e e l  a r e  impor tant .  
S ince we've i m p l i c i t l y  accepted t h e  
idea t h a t  an energy crunch i s  loaning. 
t he re  doesn' t  seen t o  me t o  be a need f o r  
documenting t h e  why's a r d  wherefore's o f  
S t .  It does seem appropr ia te.  however. t o  
comment on t h e  impact on o u r  economic o r  
m a t e r i a l  w e l l - b e i n g  t h a t  we should expect 
if our  energy s u p p l i e s  dc become inadequate. 
Apprec iab le e m p i r i c a l  evidence has been 
pub l i shed  which i n d i c a t e s  a s t r o n g  c o r r e -  
l a t i o n  hetween a s o c i e t y ' s  energy consump- 
t ion and i t s  economic p r o d u c t i v i t y .  mea- 
sured as CIP p e r  cap i ta .  Among t h e  lead- 
i n g  i f i d u s t r i a l  n a t i o n s  o f  t h e  wor ld.  t r e  
U.S. compares f a v o r a b l y  as an e f f i c i e n r  
use r  o f  energy as measured by SGNP/Unit c f  
energy consumed. Some c o u n t r i e s  w i t h  ou t -  
s tand ing  energy conruapt ion records u s u a l l y  
have smal l  popu la t i ons  and produce f i n e  
products;  :or example. Sw i t ze r land  
de r t ves  apprec iab le  income from low energy 
con ten t  expor t s  of f i n e  clockwo, ks. 
w o r l d  u i t h  popu la t i ons  l a r g e r  than C a l i -  
f o r n i a ' s  22 m i l l i o n ;  t he re  a re  o n l y  51 
c o u n t r i r s  i n  the  w o r l d  w i t h  areas l a r g e r  
than h e r  160.00" square mi les.  i f  we were 
a separate co l in t ry .  ou r  FJHP o f  soae SI50 
b i l l i o n  would be about the 7 t h  o r  3 t h  
l a r g e s t  i n  t h e  wor ld.  This t e l l s  me t h a t  
our  s t a t e  i s  b i g  enough t h a t  t he  general  
data w i l l  apply  t o  us. io I conclude t h a t  
our  economic we l l -be ing  bears a sr rong r e -  
l a t i o n s h i p  w i t h  our energy consumption. 
:his has c e r t a i n l y  been t r u e  i n  t h e  past ;  
o a r  p e r - c a p i t a  incomzs have i x r e a s e d  more 
o r  l e s s  i n  tandem w i t h  our  p e r - c a p i t a  usage 
o f  energy. How. out- p o p v l a t i o n  i s  growing. 
and so a re  :nd i v idua ls '  a s p i r a t i o n s .  
C.on-s-cr-K&ti-o-n, undoubtedly has an c f f  - t  
on t h i s  r e l a t i o n s h i p  and a s  the cos! o f  
energy increases. economic f a c t o r s  w i ; l  tend 
t o  decrease enerrjy consumed per bGi iP.  How- 
ever .  unless some h c r e t o f o r e  unknown p-rocess 
can be made t o  a c t  t o  f-u-rther decouple 
m a t e r i a l  progress from i n c r e j s e d  energy 
usage. C a l i f o r n i a ' s  energy demands s u r e l y  
w i l l  r i s e .  
I apprec ia te  the o p p o r t u n i t y  t o  take a 
r o l e  i n  rev iew ing  f o r  tho-s-e-whf~. lead. o u r  
- s t a t e  __- .- - some o f  t he  aJCey_nat.i.v-e means f o r  
meeting these demands. I hoye t h a t  our  
p o l i c v  makers a r e  a l ready a w c r e  o f  the p r o -  
bable consequences o f  f a i l i n g  t o  p rov ide  the 
amounts and k inds o f  energy the people w i l l  
want. i n c l u d i n g  :he problem o f  who gets how 
much and why. So l e t ' s  l o o k  a t  some o f  t he  
ways i n  which we can import  the energy de- 
The-a a r e  fewer than 30 c o u n t r i e s  i n  t h e  
33 
https://ntrs.nasa.gov/search.jsp?R=19790019429 2020-03-21T22:41:21+00:00Z
r i v e d  from c o a l  procersed beyond o u r  s t a t e  
boundar ies . 
11. ELECTRIC POMER 
I n  recen t  years. C a l i f o r n i a ' s  consump- 
t ion  o f  e l e c t r i c i t y  bas grown more r a p i d l y  
than i t s  use o f  any o t h e r  fora o f  energy. 
Unless s u f f i c i e n t  n u c l e a r  c a p a c i t y  is 
bu i l t .  c o a l  o u s t  p r o v i d e  :t l e a s t  p a r t  of 
t h e  growth t h a t  we a u s t  expect  i f  t h i s  
t r e n d  cont inues. Thus. e l e c t r i c a l  energy 
i s  a very a t t r a c t i v e  o p t i o n  f o r  importa- 
tiun. A 1 1  such systems. however. would 
r e q u i r e  lony dis tance.  high ve l taqe  ?ran%- 
m i r \ i o n .  w i t h  a t tendan t  l i n e  losses t h a t  
a r e  p r o p o r t i o n a l  t o  t h e  d is tance.  A t  
present.  these losses l i o i t  t h e  d i s t a n c e  
Cr .- econoaica l  t ransmiss ion  t o  approx i -  
r a t e l y  one thousand m i les .  Other para- 
meters f o r  any e l e c t r i c  i a b o r t  s y s t e r  
i n c l u d e  water sur ly .  c o a l  t r a n s p o r t  costs.  
ash d fsposa l  :c ,.-and g n y e o n i e n t a l  
l e t ' s  n o t  k i d  ourselves;  r e  c a n ' t  make 
an omeiet w i t h o u t  b reak ing  some eggs. Any 
energy system t h a t  i s  t o  r a k e  a meaningfu l  
c o n t r i b u t i o n  t o  t h e  needs o f  22 m i l l i o n  
people w i l l  hare  some env i ronaen ta l  impact. 
1 see an analogy between saying. 'I h a t e  
t o  see a_ny env i ronoen ta l  impact.. and s r y -  
ing. 'I ha te  t h e  thought o f  growing old.' 
You've g o t  t o  cons ide r  t h e  a l t e r n a t i v e !  
Conventjoyaj- Power P l a n t  
As soaa o f  the  f o l l o w i n g  papers will 
elaborate.  t he re  a r e  severd l  op t i ons  f o r  
r a k i n g  e l e c t r i z i t y  from coal .  F i r s t .  be- 
cause i t  i s  c u r r e n t  technology. I t h i n k  
of convent ional  power p lan ts .  Under p re -  
sent  laws. such p l a n t s  probably  would be 
r e q u i r e d  t o  eaploy s tack gas scrubbers. 
which a r e  somewhat c o n t r o v e r s i a l  i n  rega rd  
t o  per foraance and which d e f i n i t e l y  add t o  
t h e  c o s t  o f  t he  power. The 3600 megawatt 
system t h a t  was proposed f o r  t he  Kaiparo- 
w i t s  i n s t a l l a t i o n  was an example o f  t h i s  
technalogy. n o s t  o f  you here today a r e  
s u r e l y  f a m i l i a r  w i t h  t h e  o b j e c t i o n s  r a i s e d  
aga ins t  t h a t  p r o j e c t .  whether o r  n o t  you 
happen t o  agree w i t h  t h e  arguaents. The 
major  p o i n t  was t h a t  the l e v e l  o f  p a r t i -  
c u l a t e s  produced would reduce iong-range 
v i s i b i l i t y  and thus d i a i n i s h  the  scenic 
value o f  t he  area. 
Asother approach would be t o  conver t  
the coal  t o  a c lean  f u e l  gas which c o u l d  
then be burned i n  t h e  power p l a n t .  This 
would c e r t a i n l y  ease the  p a r t i c u l a t e  p ro -  
blem, b u t  i t  would be more c o s t l y .  This 
would a l s o  be considered c u r r e n t  techno- 
logy.  By addinq advance6 powe; c y c l e  con- 
cepts t h a t  a re  now under develupnent. i n -  
creased e f f i c i e n c i e s  cou ld  h e l p  o f f s e t  
these c o s t s .  There w i l l  be f u r t h e r  d i s -  
cussion on t h i s  l a t e r .  b u t  i t  does appear 
t h a t  t h i s  procedure i s  one o f  the b r i q h t e r  
s t a r s  on our enerqy hor izon.  My own 
coopany. F luo r .  i s  i n v o l v e d  i n  t e s t  pro- 
grams w i t h  C o r o n w e a l t h  Edison o f  Ch2crgo 
and others.  and Southern Cal i 'orn ia  r d i s o n  
w i t h  Trxaco a r c  s t u d y i n g  such a f a c i l i t y  
f o r  Southern C a l i f o r n i a .  
r n-s i tu 
I n  a d d i t i o n  t o  c o n v e r t i n g  coa! to  f u e l  
gas w i t h  conven t iona l  g a s i f i c r t f o r  reac to rs .  
i t  i s  p o s s i b l e  t o  g a s i f y  c o a l  i n - - S i t U  - 
r i t h o u t  e v e r  a c t u a l l y  min ing i t- There i s  
app rec iab le  r o r k  b e i n g  done nou. m o r l 1 y  
under Wf auspicrs .  t o  dzvelnp th f s  L e i  h -  
nology,. The Rur,iaar h a w  c a r r i e d  a m  = I I ~ I I  
work on a r e m i - c o m c r c i r l  s c r l c  to r  -.cva*r.tI 
decades. and one U.5. u t i l i t y  i s  pruceci' inq 
w i t h  a program which considers t h e  use of 
S o v i e t  technology. 
J u s t  as w i t h  conven t iona l  y a s i f i e r s .  
such gas i s  r e a d i l y  c leaned o f  both s u l f u r  
and p a r t i c u l a t e s .  But  i t  b r i n g s  soae new 
problems. toe. Subsidence o f  t h e  sur face 
c o u l d  occur. gas leakage a t  t h e  s u r f a c e  i s  
poss ib le .  and impact on underprousd r a t e r  
s u p p l i e s  i s  conceivable.  
F_lu id i red Bed C o i b u s t i o n  
way to use coa l  t o  make the steam needed 
f o r  a power p l a n t  i n  a manner t h a t  promises 
t o  reduce s u l f u r  emissions t o  acceptable 
l e v e l s  under p resen t  laws. 
f l u i d i z e d  bed combustion i s  yet ano tbe r  
Other  nodes o f  e l e c t r i c a l  generat ion.  
which a r e  s t i l l  i n  t h e  developmental realm. 
a r e  magnetohydrodynamics - HHD and f u e l  
c e l l  technology. Both have promise b u t  o u r  
assessment i s  t h a t  these a r e  s t i l l  i n s u f -  
f i c i e n t l y  developed t o  warrant  s e r i o u s  con- 
s i d e r a t i o n  when we' re examining o p t i o n s  f o r  
t h e  r e l a t i v e l y  near  fu tu re .  I mect ion i t  
o n l y  because o u r  WE i s  p r o v i d i n g  substdn- 
Cia1 suppor t  i n  these areas. 
1 1 1 .  GAS'T'CATION 
I no ted  e a r l i e r  t h a t  c o a l  c o u l d  be con- 
v e r t e d  t o  a low o r  medium B t u  f u e i  gas t h a t  
c o u l d  then be burhied tc  produce e l e L t r i r  
power f o r  i a p o r t  i n t o  our s t a t e .  But a 
gaseous product  i t s e l f  c o u l d  be an a t t r d c -  
t i v e  import .  There i s  proven technology 
f o r  t h e  convers ion o f  coa l  t o  gas on a vast  
sca le.  F l u o r  i s  c u r r e n t l y  c o n s t r u c t i n g  
such a p l a n t  t h a t  w i l l  proce:s 40.030 tolls 
o f  cod; pe r  day. This i s  f o r  a c l i e n t  whr, 
has been o p e r a t i n g  a s i m i l a r  p l a n t  f o r  
about o n e - t h i r d  t h a t  s i z e  Tor almost 25 
years.  I t  i s  most a t t r r c t i v e  t o  operate 
such p l a n t s  near m i l c  s i t e s .  thus a v o i d i . ,  
t h e  t r a n s p o r t  o f  useless ash or moisti;rt.. 
A. SNC 
Ca I i f o r n i a  a1  ready in iports apprcc i a t t  l i b  
n a t u r a l  gas. dnd coa l  can be proccssed to  
produce a s u b s t i t u t e  n a t u r a l  yas  ( S N C )  t h a t  
i s  i n d i s t i n g u i s h a b l c  from the n a t u r a l  
i n g  p ipe l i nes  tha t  t r i n s p o r t  l a rge  quant i -  
t i e r  of such qat. lo  convert the  product 
fuel gas from such p lan ts  as I j u s t  a n -  
t ioned t o  S I C  i s  a r e l a t i v e l y  simple step. 
Several such p lan ts  were once scheduled 
t o  be b u i l t  t o  supply such gar f o r  Ca l i -  
fornia. One o f  them. UESC'. was a F luor  
pro ject .  Various fac to rs  have combined t o  
delay there - perhaps i n d e f i n i t e l y .  I 
presume t h a t  some o f  the  reasons f o r  the 
f a i l u r e  t o  move forward w i tb  these f a c i l i -  
t i e s  i s  on the  agenda o f  l a t e r  speakers. 
but I wish t o  emphasize tha t  the techao- 
logy here i s  proven. The deterrents  bare 
po l  i t i co -econw ic  foundations. 
I. lediu.m Bt-u Gps 
I f  the gas from g a s i f i e r s  i s  no t  pro- 
cessed t o  produce SIC. i t  w i l l  be o f  lower 
heat ing value. Such a gas cannot be mixed 
i n  p ipe l i nes  w i t h  qa tura l  gas. but sep- 
a r i t e  p ip ing  systems could be b u i l t  t o  
u t i l i z e  i t  as an i n d u s t r i a l  o r  power p l a n t  
fuel. The lower heat iny values. however, 
l i m i t  the d is tance over which the  gas 
c w l d  be economically transported. t o  a 
few hundred mi les-  This may e l i a i n a t c  the 
impor tat ion t o  the Ca l i f o rn ia  coast o f c o a l  
enerpy i n  t h i s  fora. but  our border areas 
could conceivably be served by gas i f i ca -  
t i o n  p lan ts  located i n  adjacent states. 
C. Synthesis- of. Lj-quids 
E:u qa: as I ' v e  j u s t  becr ta1:fn.J about 
are carbon monoxide and hydrogen. 3 i a -  
t u r r s  conta in ing these two gases are o f t e n  
c a l l e d  synthesis gas (o r  syngas) because 
a wide v a r i e t y  o f  o ther  chemicals and 
hydocarbons can be synthesized from them 
Iiy urinal SUitdblC C a t d l y C t r  and process 
tcc hnique\. ILc nnc ruc.h mater ia l  s f  
qreJtrrt i n t e r e s t  on our energy scene i s  
methanol. 
The main cons t i tuents  o f  such a nedium- 
Ilethanol, r o r r e r l y  known as wood a lco-  
hol.  has long been a mater ia l  o f  commerce. 
and i t s  value as a clean fue l .  both f o r  
t ranspor t  purposes and fo r  power genera- 
t ion. i s  we l l  known. Almost a l l  methanol 
today i s  made from synqas der ived from 
n a t u r a l  qas o r  other  hydrocarbons. Thus. 
the anly  d i f f e r e n t  technology invo lved i n  
producinq methanol from coal resides i n  
producinq the syngas. Although. as I have 
already noted, we know how t o  do t h i s  on 
commercial scales. the economics j u s t  
a r r n ' t  favorable compared t o  s t a r t i n g  w i t h  
hyc1roi:arbons. A recent study fo r  an u l t r a -  
I.irqc scale p l a n t  \uqqests tha t  a t t r a c -  
t i v e -  c o s t \  a r e  a t ta inab le ,  hut  those 
rc-.it lts a rc  s t i l l  not  accepted by many o f  
us i n  the technica l  couimunity. 
hs t h r  ros ts  o f  hydrocarbons r i s e ,  bow- 
t - v v r .  methanol froni coal w i l l  become II' -e 
a t t r a c t i v r .  I t  i s  e a s i l y  transported. and 
i t  Lhus i-. another I)otentia! method f o r  
i m l i u r l i t i g  coal -der ived energy. 
I V .  HIOROLIQUEFACTION 
L iquefac t ion  o f  the  coa l  by add!ng hy- 
drogen i s  y e t  another op t i on  f o r  impor t lng 
coal 's energy wh i l e  leav ing most of i t s  
problems elsewhere. (Again. l e t ' s  no t  
t r y  t o  k i d  anybody. That i s  the  main 
t h r u s t  o f  such opt ions as I ' v e  been d i s -  
cussing.) Our conference program shows 
t h a t  Session I X  on Thursday i s  devoted t o  
t b i s  subject. Here. I s h a l l  on ly  poin: 
ou t  that. by appropr ia te processing. coal  
can be reacted chemical ly w i t h  hydrogen t o  
produce hydrocarbons which are q u i t e  s imi-  
l a r  t o  those t h a t  a re  der ived from pet ro -  
leum. The asb and s u l f u r  from the  coa l  are 
removed a t  the  processing p lants .  and the 
l i q u i d  prodocts can be t ranspor ted as i n  
cur ren t  pract ice.  Depending upon the per- 
ce ived needs o f  tbe market place. the  coal  
cou ld  be upgraded t o  b o i l e r  fue l .  pe t ro -  
leum- l ike feedstock. f u e l  o i l .  o r  d i s -  
s t i l l a t e s .  i nc lud ing  gasoline. 
coa l  i s  s t i l l  under development i n  the 
U.S.: however. semi -coaerc ia l  u n i t s  are 
under cons t ruc t ion  and commercial s i r e d  
demonstration modules are being proposed 
f o r  cons t ruc t ion  today- While i t ' s  t rue  
t h a t  the Germans i n  World War 11 produced 
l i q u i d s  i n  t h i s  fashion. i t  wasn't eco- 
nomics t h a t  provided the  impetrs. 
The technoloqy f o r  hydro1 ique fac t i on  o f  
v. s w m s  OVLRYIEW 
I ' ve  mentioned several t echn ica l l y  
feas ib le  ways by whicq we can import i n t o  
C a l i f o r n i a  energy which was der ived from 
coal. I t  seems t o  be th3t .  i n  the broadest 
senseb we must be concerned no t  j u s t  w i t h  
C a l i f o r n i a ' s  enerTy problem bu t  w i t h  a 
system t h a t  includes the o v e r a l l  p p l i t j s a l  
and socio--econoric we!fare o f  a major 
p o r t i o n  o f  the w-extstxn- Uni ted ISat-es. 
Just because the g o v e r n w a d e r s  o f  our 
previous generations saw f i t  t o  draw cer- 
t a i n  p o l i t i c a l  sub-d iv is ions doesn't mean 
t h a t  people who l i v e  on one s ide  o f  the 
boundary l i n e s  are any d i f f e ren t  f ron  those 
on the other. So the ' so lu t ion  set' t o  our 
energy ;*oblca must inc lude no t  on ly  s a t i s -  
factory  economic and environmental resu l t s  
fo r  Cal i forn ians.  but  a l so  f o r  the r e s i -  
dents o f  our neighboring s tates and. per- 
haps. of some even more d i s t a n t  s ta tes  who 
might &upply us w i t h  coal o r  water. 
I described a t  the outset  o f  :his t a l k  
some o f  're evidence tha t  our economic 
wel l -be ing depends upon enerGy. Ue m u s t  
recognize tha t  the pena l t ies  f o r  f a i l i n g  t o  
develop energy supplies adequately appear 
t o  be p o t e n t i a l l y  Sarmful t o  ou r  economy 
and our s o c i e t y .  Our s t a t e .  and indeed our 
country. sore ly  need statesmen and c i t i z e n s  
w i t h  v i r i o n  and w i th  t h e  courage t o  a c t  t o  
meet the needs o f  t!w fu tu re .  
c los ing  thought. - -  Teciinology i s  avai.1- 
a b l e ;  e i t h e r  proven o r  under advanced 
would 1e.ive t h i s  audience w i t h  one 
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development. to provide us r f t h  the kinds 
o f  energy from coal that  re require. The 
deterreritr to  d s o p i n g  th is  source o f  
energy are p o l i t i c a l  ih the case o f  elec- 
t r i c  power and rcononic and p o l i t i c a l  for 
the other forms. 
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